Secondary R waves in leads V1 or V3R are definitely abnormal if the primiary R wave is high for the age group even though the R' is small; if the secondary R wave is more than 6 nmm.; or if the R'/S ratio exceeds 1. Other patterns may be found both in patients with heart disease and in normal subjects. In the abnormal cases, the QRS changes persist in leads taken below but in line with V1 and V3R; but in normal eases, the secondary R waves usually disappear in the lower leads.
C ONSIDERABLE disagreement exists concerning the clinical significance of secondary R waves in right precordial leads in instanees in which the duration of the QRS complex is normal or slightly prolonged. Their presence is frequently interpreted as indicative of incomplete right bundle-branch block and often is considered a imanifestation of cardiac abnormality. Several investigators1l3 have reported the high incidenee of secondary R waves in 1 or more of these leads, inluding additional higher or more lateral chest leads in normal persons.
No uniform criteria are available to differentiate the electrocardiograms of patients who appear to have cardiac disease from those of normal persons having secondary R waves in right precordial leads. In an attempt to find reliable differential criteria, the electrocardiograms of patients with proved cardiac disease and those of normal persons showing secondary R waves in any lead from the right side of the precordium were compared. Additional lower and higher chest leads were takeni to observe any differential variation in both groups.
A distinct pattern was found in the majority of patients with cardiac disease, especially in those with congenital cardiac disease. The findings in right lower chest leads seemed to be of sufficient clinical value to clarify the significance of controversial patterns. 
Material and Methods
The routine 12-lead electrocardiogram and additional right chest leads were studied in 63 persons having secondary R waves in 1 or all of the right precordial leads, with "incomnplete right bundlebranch block" pattern. Twenty-five of the patients had congenital heart disease producing right ventricular overload; 13 had acquired heart disease; and 25 were normal from the cardiovascular standpoint.
The diagnosis in the 25 patients with congenital heart disease was confirim-ed bv cardiac catheterization and selective eineangiocardiographic studies. The patients (12 female and 13 male) ranged in age from 6 months to 36 years. Ten had interatrial septal defect, 4 had interventricular septal defect, 4 had pulmonic stenosis, 2 had anomiialous pulmonarv venous return, 2 had a combiniation of interatrial septal defect and anomalous pulmnonary venous return, and 1 each had tetralogy of Fallot, aortic-pulmiionarv window, and Eisenmienger's coml-plex. The diagnosis was confirmed by cardiac surgery in 20 of these 25 patients.
The 13 patients (5 femnale and 8 male) having acquired heart disease ranged in age from 19 months to 61 years. The disease was caused by rheumatic valvular disease (3 patients), arteriosclerotic heart disease (4 patients), pulmonary heart disease (2 patients), lupus erythematosus and collagen diseases (2 patients), nyocarditis (1 patient), and careinoid syndrome (1 patient In all 63 patients, routine 12-lead electrocardiograms were taken. Nine chest leads were recorded with a paper speed of 75 mm. per second and a normal standardization: V3R, V1, and V9 at the usual levels and leads V3R, V1, and V2 at lower levels, 1 and 2 interspaces below the usual levels. In 8 patients, additional higher right chest leads were recorded. All records were imiade with a Sanborn Twin-Beamni Cardiette Model 62. In each of the leads the following observations were recorded: incomplete right bundle-branch block pattern, QRS duration, tiime of inscription of R and R', amplitude of R and R', depth of S waves, direction of T waves, presence of slurring or notching, or both, of the QRS comiiplexes, and the R'/S ratio in V1 and V3Rn. Concomitant presence or absence of a relatively broad S in lead I, V5, V6, and of a secondary R wave in lead aVr of the routine electrocardiogram were also noted and the R'/S or R/Q ratio in aVR was recorded. Patients with complete right bundle-braneh block (QRS more than 0.12 seeond) were not included in this study. Findings
From the study of the routine electrocardiogram in the 3 different groups, several findings appeared to be helpful in differentiating "pathologic" from "physiologic" secondary R waves in the right precordial leads. However, no specific criterion was consistently found. Definite identification of abnormality was possible in 20 (80 per cent) of the 25 patients with congenital heart disease and in 6 (46 per cent) of the 13 patients with acquired heart disease.
The criterion for diagnosis of incomplete right bundle-branch block (the presence of a late secondary R in right precordial leads with a QRS duration less than 0.12 second) 6 7 was presenit in all the normal subjects. Stricter criteria for such a diagnosis (QRS interval Circulation. Volume XXI, January 1960 0.08 or 0.10 to less than 0.12 second8-") were satisfied in a large percentage of the normal subjects and in a frequency equal to that of patients with definite involvement of the right heart. Secondary R waves considered to be without diagnostic significance for right ventricular hypertrophy9' 10, 12-14 were found in many patients with heart disease and definite right ventricular hypertrophy.
The time of the inscription of the initial R in the right precordial leads was less than 0.03 second in all patients, and the R' (0.03 to 0.035 second being considered as maximum normal values 1-518) was delayed in all patients. Slurring or notching of the QRS complex and the presence of a relatively broad S in leads I, V5, and V6 were fouind to be similar in incidenee in the normal and abnormal groups. Mlost of the patients in both groups had inverted T waves in leads V1 and V3R.
Presence of R' in aVR and R'/S or R/Q Ratio in aV9
A secondarv R wave in a VR, considered to be "a highly reliable inidication of so-called incomplete right bundle-branch block "5 was present in only 12 of 25 patients with conigenital heart disease, in 9 of the 13 patients with acquired heart disease, and in 14 of the 25 normnal subjects showing secondary R waves in right chest leads.
An "abnormal" R/Q or R'/S ratio in aVR (more than 1.0)12 19 was present in only 3 patients of the congenital group, in only 2 patients with acquired heart disease, and in 1 normal subject.
Amplitude of R and R' and Comparative Values
Most of the patients in the 3 groups had small initial R waves exceeded by the secondary R waves ( fig. 1 ). The highest primary R in normal subjects was 8 mm. in V1 in a 21½2year-old child. Primary R waves larger thani 8 mm. in V3R or V1 were present only in patients with heart disease. The highest R' recorded was 25 mm. in a patient having congenital heart disease. The amplitude of R' in the patients having no heart disease did not exceed 6 mm. except in 1 case in which the abnormal pattern persisted in right lower 29 TAPIAA, PROII)DFiIT i : 0 0 tt:00;f00020:0000;t::Y,,¢;:00:000:i:;;Xttii i; .; 0; t; :t tf 9;:ii Y2 : z . . Additional data obtained byrev-iewhinyg 30 mtore electrocardiogratphic records with "incomiplete rigicht bunidle-branieh block'' patterni in patienits witlh iinteratrial septtil (lefect revealedl findinigs simiiilar to those presenited for the congoeniital group.
Depth of S and the R'/S Ratio in V, and V,:
A relativelv smlall S with R'/S ratio nmoeI thani 1.0 in V1 or V:R wvas fouiiid ini most (19 of 25) of the patienits wvitlh congenital lheart disease, less frequenitly (6 of 13) in patients wN-ith acquired heart disease, anid in only a fewv (4 of 25) of the latients with cliniically lnorinial lharts. :In tIe latter group, of tle 4 patienits wN-itl R1'/S ratio mnore than 1.0 ini V1 or V:<1s 3 had l)ersistenit R' anid 1 showed a niotched tall R oni the right lower chest leads. The R' in Right Lower Chest Leads \\Wlteii additional rihlt lower chiest leads were talkeln (table 1), rather striking antd coinsistelit differemces in the seconidary R waves wvere founid betweenl the patients witlh definlite heart disease aiid those with clinically imormlnl hiearts.
In all patienits with colgenital heart (lisease, the secondary R wave persisted or chan(ged to ani abntormnal QRS9 siape. In the Iilajority,1 R' persiste(d nehaii.ged anid in a few, the1 RR81' coinplex ehalged to a tall niotchled R wvith iltcoml)lete fusioni of R and R'.
In all patiellts of this group, the S wvave of the M ''-shaped complex deereased progressixecly iii deptlh wvith mnaimitenail.ee of a true R' in the right lower clhest leads (figf. 2). In 3 patiets, hlowever, the S wave became a cenitral niotchincg of the R wave above the baselinie with disappearance of the truie R' but ithl persistent 'M'-shaped conitouir. One of these patients lhad ani initeratrial septal defect witlhout pul-nionarv hypertenisioni and the othe-r 2 had pulhnoiiic, stellossis witlh a QRS patterln in lower leads resenmblig( mtiore closely that of the "systolic overload"' frequently seein wirith thle latter defect.
Similarly-, imiost of the patieiits with aequired lheart disease showed persistent R' ini rigrht lower elrest leteds. Il 1 J)atient witlh systemic linipus erytlhemiiatosus the R' changedl to a niotehed R. In 2 patieillts vith asymptomiiatie rheumatic heart disease anid mild mitral inisufficiency, the R1' disappeared in the lower lleads; neither of thbse p)atiellts hlad clinical or raliologie evilel dice of eard iae enlargemeii-t or riglit venitriicuilar hypertrophly.
In contrast, the R1' (lisa)peare(l illn most of the subjects witlh eliniically niormlilal hearts wl-enadditional leads wer-e takent 1 and 2 intereostal spaces below the r'oultinle levels. The )isappjearance of R' (n!ormal).
initral in-isuifficiency havingc no evideince of right veentricular enlargenent andl in whom the R' disappeared in the right lower chest leads. In 3 normal subjects, the Rt' was absent ill V3F but present ii VI anid V2 ; and in all, the R' disappeare(d wvlheni right lower chest leads were takeni ( fig. 3 ).
The R' was presenit in AV a1ldone in 3 patieii-ts wvith congfrenital heairt disease, in 2 witlh acquired hieart disease, and in 1 niormial subject. Iii all these cases, it persisted wlheni rigyht lower chest leads were takeni.
Discussion
The preseniee of a secondary R wave in rihlt )rccordial leads per se does IIot mean el-etroeardiographie or clinlieal abncormiiality. It imiay be presenit ill patienits with (lefiutite lheart disease antd in those with cflitiioallv norinal hearfts.
In this study, certaini associatedeleetrocardiographic chatnges were. founid ll 1llOst of the patients of the albilormal grotu) (espeeially ill those with congenital lheart disease) l)ut in fewv of the patients in the niormal g,roup. When routine clhest leads we e usedi a d(efinit diaeimosis of abiioriyial secondary R wxave iii righlt precordial leads was established iii 20 (80 per cent) of the 25 patients with congenital heart disease anid in 6 (46 per cenit) of the 13 patienlts with acquired lteart disease. Ilowever-, a significant umiLnber of the patients with heart disease showed seconidary R waves in routine rigfht chest leads that could miot be differentiated fromn those founid in the niormnal subjects, and accepted diagnostic criteria of 'iincomn-plete right bundle-branichi block were presenlt in tne inajority of sulb)jjects witlh cliniieallv tnormiial hearts. Froni tlho anialysis of our finidiigs, the miost reliable diagiiostic signs of abnormal or patholotgie RSR patterni in riight precordial leads were (1) a Jrifnary R hnigher thani 8 inm. in YR andI VI. regardless of the amplitude of the secoludary R; (2) a secondary R wave higher than 6 mnn., regardless of the amplitude of the primnary R; and (3) a small S with an R'/S ratio more thian 1.0 in V, or V3t or both (tables 2 alnd 3). When R' was higher thani R, it was niot significant for abnormality unless the R' exceeded 6 iniiy. in height or the R'/S ratio exceeded 1.0. It seemtis that a large R' in riglht precordial leads (apparenitly greater thanl 6 mm.) wlhether it is larger or smaller thani the primiiary R, is definitely abniormal. Oni the other hanid, ani R' less than 6 mm., whelther it is larger or smialler than R, is niot necessarilv abn-iormnal. However, wheni large primary R waves exceed niormal range values for the imii olved age grioujp,';_' 16, i.S.. 20 and are conisistenitt wvitlh riglht ventricular hypertro-8.21 25 phy,8. the jpresence of ani R' (eveui if less than 6 imm.), is colnfirmiatorv of right ventricuilar hypertro )h1y or aimliol loal electrocardiogramt. Siimall secondlary 1R wavesx (less than 6 muinu.) but larger tlhani S (R/'S ratio more than 1..0) were also conisidered abnorial ( fig. 1C ). ILu the 3 groupI)s, all. ascs withi ani R'/S Imatio in V1 or V:11t of mtwore tllani 1.0 had a p)ersistent R' in lower leads (table 3) . The fact that aii RK/S ratio less thatn :1.0 i1 these leads was p-resentt in thle electrocardiograms of all nornmal subjects in Ivhicli the R' disappe-ared in lower chest leads (with on-e exceptioin) anid the observation that a ratio more than 1.0 was prcseiit iii 19 (76 per ceent) of the 25 lpatients with congenital heart disease, make its presencee a reliable criterion of abnormality but its absence (loes Inot exclude organ-ie changes.
The preseniee of a secondary R wave in right clhest leads iii the absenee of the 3 previously imienitionied criteria may still represent an Circulation, Volume XXI, Janvuary 1960 32 SECONDARY R WAVES IN ELECTROCARDIOGRAM . 1B) . Therefore, the differentiation of physiologic and abnormal seeondary R waves cannot be established on the basis of this pattern alone (table 2) . However, there were several associated findings suggesting that the R' represented a normal electrocardiographic variation and not a manifestation of heart disease. The above pattern in V1 or V2, or both, but not in V3R was seen only in subjects with normal hearts ( fig. 3 ) and in one patient with rheumatic heart disease without right ventricular enlargement in whom the R' disappeared in lower leads. The same pattern with R' in V2 larger by more than 1 nun. than the R' in V3R, was also present in several normal subjects but in none of the patients with heart disease. The presence of a seconidary R wave with an R'/S ratio more than 1.0 in V3R alone seems abnormal. In all cases in which R' was present in V3B alone, it persisted in lower leads, suggesting definite ablnormality.
In doubtful cases, the use of additional right lower chest leads may be helpful in differential diagnosis; it permitted the estab-Circulation, Volume XXI, January 1960 lishment of a differential criterion in those cases of indeterminate pattern, common to patients with and without heart disease. There was a consistent correlation between abnormal RSR patterns, heart disease, and persistent secondary R waves in right lower chest leads (table 3) . The R' persisted in lower leads in all patients with RSR patterns interpreted as abniormal (figs. 1C and 2) and in all patielits with heart disease showing indeterminate or not definitely abnormal RSR patterns. The possibility of an organic conduction defect witnout clinically detectable heart disease cannot be excluded in those few patients whose R'/S ratios were abnormal in V1 and V3a and in whom the R' persisted in lower leads. The secondary R wave disappeared in all but one of the normal subjects showing indeterminate RSR pattern in conventional right precordial leads (figs. 2 and 3).
A persistent R' in right lower chest leads probably indicates an organic change, either a disturbance in the conduction system or right ventricular hypertrophy. Whatever the position of the exploratory electrode, the abnormal conduction pathway or delayed activation of hypertrophied muscle of the basal zones should be recorded. On the other hand, secondary R waves in right precordial leads that disappear when right lower chest leads are taken, as found in all young healthy subjects in our study and in most of the adult group with clinically normal hearts, may be due to a variable distribution of the areas on 5 (20%) 15 (60%o) 5 (20%) 21 otne intercostal space below VR,R V4R, and V3R inuficenyiot than we found; but they reported a total incidence of R' in any additional lead and no which the normal correlative changes 1 and 2 iinterspaces below ie ventricular sur-usual levels. uience of mural and An apparently contradictory disappearance cted, therefore, in of secondary R waves in right lower leads was the changes in the seen in 2 patients with rheumatic heart disnd to variations in ease. Each had asvmptomatic mild mitral inrt rather than t-o sufficienciy without clinical or radiologic evic eonduction due to ldeuee of right ventricular enlargement, and anl R'/S ratio in lead VT of less than 1.0; one ry R waves were showed ani R' only in V, anid V2 aild none in rst appeared when V3R. The R' was probably a physiologic variken in our patients ation and not the result of right bundlevery and Johnston' branch block or right ventricular hypertrophy, 4 in young healthy this interpretation being more in accordance above impression.
with the entire clinical picture. These A distinct pattern of abnormality was found in the majority of patients with heart disease, especially in those with congenital cardiac lesions. The accepted criteria for the diagnosis of incomplete right bundle-branch block were found in the majority of the normal subjects, and secondary R waves considered without apparent pathologic significance were found in many patients with heart disease anld definite right ventricular hypertrophy.
Criteria based upon the following findings were of no value in differentiating secondary R waves in right precordial leads associated with heart disease from those not associated with heart disease: the QRS duration; time of inscription of the intrinsicoid deflection; greater amplitude of R' compared with R without regard to the absolute height of R'; presence of slurring or notching of the QRS complexes; presence of a relatively broad S in leads I, V5 and V6; presence of secondary R wave or "abnormal" R'/S or R/Q ratio in aVp; and the T-wave direction.
Reliable signs of an abnormal RSR pattern in right precordial leads were (1) A primarv R wave higher than accepted normal range values for the involved age group, regardless of the amplitude of the secondary R. In our series a primary R higher than 8 mm. in V3R and V1 was always abnormal. (2) A secondary R wave higher than 6 mm., regardless of the amplitude of the primary R. (3) An R'/S ratio more than 1.0 in anv lead from the right side of the precordium.
On the basis of these criteria, a definite diagnosis of abnormality was possible in 20 (80 per cent) of the 25 patients with congenital heart disease and in 6 (46 per cent) of the 13 with acquired heart disease.
A pattern of small R, relatively deep S (R'/S ratio less than 1.0), anld a small R' (6 mm. or less) (rSr' pattern) was present in practically all the normal subjects but also in a significant number of patients with heart disease, 5 (20 per cent) of the 25 with colngenital heart disease and 7 (54 per cent) of the 13 with acquired heart disease, and a definite electrocardiographic diagnosis of ab-Circulation, Volume XXI, January 1960 niormality was not possible in these patients with the usual precordial leads. The secondary R wave disappeared when additional right lower chest leads were taken in all the normal suibjects with an rSr' pattern (relatively deep S with R' less than 6 mm.) in right precordial leads; it persisted unchanged or occasionally changed to an abnormally large notched R in all the patients with heart disease. In the latter group these changes were independent of the amplitude of the R' or of the RSR pattern.
The presence of an rSr' pattern in V1 or V2, or both, but its absence in V3R, or an R' in V2 larger by more than 1.0 mm. than the R' in V3R, suggested that the R' represented a normal electrocardiographic variation and was not a manifestation of heart disease. The use of additional right lower chest leads -specifically V3R or V1 2 interspaces below the usual levels-may help in the differential diagnosis of doubtful cases of so-called incomplete right bundle-branch block. A persistent R' in lower leads probably indicates abnormal right ventricular conductioni or right ventricular hypertrophy. Disappearance of secondary R waves in lower right chest leads and their increase in higher leads, seen in normal subjects, support the impression that these seeondary waves may be due to physiologic late activation of muscle near the outflow tract of the right venitricle or more specifically of the crista supraventricularis. The depolarization of these basal zones is represented by the direction of the terminal portion of the QRS vector.
Summario in Interlingua
Le electrocardiogramma routinari a 12 derivationes e in plus derivationes dextero-thoraeic esseva studiate in 63 personas qui habeva secundari undas R in derivationes dextero-precordial e un duration QRS de minus que 0,12 secundas. Le gruppo consisteva de 25 patientes con congenite morbo cardiac, 13 con acquirite morbo cardiac, e 25 con cordes normal.
Un distincte configuration de anormalitates esseva trovate in le majoritate del pa.tientes con morbo cardiac, specialmente in le patientes con congenite lesiones del corde. Le acceptate criterios pro le diagnose de incomplete bloco de branea dextere esseva trovate in le majoritate del subjectos normal, e secundari TAPIA, PROUDFIT undas R considerate comio disproviste de apparente signification pathologic esseva presente in multe patientes con morbo cardiae e (lefiniite hypertrophia dextero-ventricular.
Criterios basate super le sequente lista de datos esseva sini valor in le, differentiation inter secundari undas R in derivationes dextero-precordial que esseva associate con morbo cardiac e illos que non esseva associate con morbo cardiac: Le duration de QRS; le tempore del inscription del deflexioii intrinsicoide; augmento del amplitude de R' in comparation con illo de R sin referentia al altor absolute de R'; preseiatia de dentation o de continuitate incdistincte in le coiniplexos QRS; presentia de un relativemeaite large S in le derivationes I, V,5 e V6; presentia de secundari unda R o de uni proportion ''anormal'' R'/S o R/Q in aVu; e la direction (lel uiinda T.
Signos indicante fidelmenlte un ainormaalitate del patron RSIR in derivationes dextero-precordial esseva: (1) Un primari unda R de altor in excesso del area de valores considerate como inornmal pro le gruppo de etate in question., sin reguardo al amplitude del unda R secundari. In nostre serie un SR primari de plus que 8 mm de altor in V312 e V1 esseva semper anornmal. (2) IJn secundari unda R plus alte que 6 mm, sin reguardo al amplitude de R primari. (3) U'n proportion R'/S de plus que 1,0 in noni im-porta qual derivation al dextera del precordio.
Super le base de iste criterios, un definite diagnose de anormalitate esseva possibile in 20 del 25 patientes con congeinite morbo cardiac (80 pro cento) e in 6 del 13 patientes con acquirite miiorbo cardiae (46 pro cento).
Un combinationi de mniere R e relativemente profunde S, i.e. un proportion R'/S (le minus que 1,0, c un micre R' de 6 imm o mllinUs (patrono rSr') esseva presente in practicamenite oniie le subjectos normal sed etiani in un numero significative de patienites CoIn morbo cardiac. Isto valeva pIro 5 del 25 patientes con congenite nmorbo cardiac (20 pro cento) e pro 7 del 13 con acquirite nmorbo cardiac (54 pro celito), e un definite diagnose electrocardiographic del anormalitate non esseva possibile in iste patientes per miedio dlel usual derivationes precordial.
Le secundari unda R dispareva quaindo derivationes additional ab le thorace dextero-iniferior esseva obtenite in le casos del patienites qui habeva un patrono rSr' (S relativemente profunide con R' de, minius que 6 mm) in le deri.vationies dexteio-precordial; illo persisteva o, a vices, se alterava in un anormalmeinte grande R a deiitation in omilne le patiejntes con morbo cardiac. In iste ultime gruppo, le mentionate alterationes esseva indepeisdenite del amiplitude del R' o del patrono RSR.
Le presentia de un patroilo rSr' in V1 o V2 0 in ambes insimul con su absentia in V3, o le presentia, in V2, de un R' que excede le R' de V,r. per plus que 1,0 mm de largor suggereva quie le IR' representava uni normal variation electrocardiographic e non esseva unl manifestation de morho cardiac. Le uso de derivationles additional ab le thorace detero-inferior speecificanieite le uso de V3II 0 V, a 2' interspatios infra le nivellos usual-pote esser de adjuta in le diagnose differential de casos dubitose del si-appellate incomiiplete bloco del branca dextere. Un persistente R' in derivatioaes inferior indica probabilemente un anormiialitate del coonduction dextero-ventricular o un hypertrophia dextero-ventricular. Le disparitioii de secundari undas R in derivationes ab le thorace dextero-iniferioi e le augmeinto de tal undas in derivationes sulperior, vidite in subjectos nornmal, supporta le impressioin que iste iidas secunidari es le effecto de ull tar-dive activation physiologic del niusculo in le vicinitate del tracto de effluxo del ventriculo dexteire o plus specificamente del crista supraveitricular. Le dispolarisation de iste zonas basal es representate per le direction del portion termiinal del vector QRS.
